Introduction
Wide bandgap materials such as silicon carbide are quite attracting for power semiconductor modules. Since such modules require quite high operating temperature at around 250˚C, the molding materials also require extremely high thermal stability as well as good processability. Conventional epoxy resins typically survive only below 150˚C; therefore, the development of novel thermosetting resins is required.
As cyanate ester (CE) resin is a thermosetting resin witch has high thermal stability, it could be a promising material for the molding material of power semiconductors [1] [2] [3] . One major problem of CE resin is, however, low processability at the monomer stage. The processing temperature must be largely lower than the curing temperature considering the fabrication procedure of power semiconductor modules. In this context, it is quite important to develop the CE monomer that has low deformation temperature before curing and good thermal stability after curing.
In the current study, we investigate the mixtures of two different aromatic CE monomers. We expect that the deformation temperature of the monomer mixture becomes lower than that of pure monomer if a eutectic mixture could be prepared [4] . The effect of supercooling is also of interest since aromatic bulky structure might affect the conformational dynamics [5] . Fig. 1 shows the structure of the CE monomers designed in the current study (CE124, CE12 and CE13). We selected aromatic main chain considering the thermal stability after curing and designed three different but similar structures considering the mutual solubility.
Corresponding model compounds (M124, M12 and M13) with methoxy terminal groups were also studied to clarify the deformation and supercooling properties of the mixutures under the condition that is not affected by the curing reaction. 
Experimental
Tetrahydrofuran (THF) was used after distillation from sodium. Triethylamine (TEA), N,N-dimethylformamide (DMF) and the other chemicals were used as received.
M124, M12 and M13 were synthesized by the routes shown in Scheme 1.
M124: 1 The deformation temperatures of the model compounds and CE monomers were determined by thermomechanical analysis (TMA) using SII TMA/SS6000 with a quartz rod probe at 100 mN.
Differential scanning calorimetry (DSC) was carried out using SII EXSTAR DSC6000 under N 2 flow.
Polarized optical microscopy (POM) was carried out using Olympas BX51 equiped with a heating stage (Mettler Toledo FP90 and FP82HT).
Thermogravimetoric analysis (TGA) was carried out using SII TG/DTA7300 under N 2 flow.
FT-IR spectra were obtained with a JASCO 4100 spectrometer by the KBr pellet method.
Results and discussion
The model compounds were mixed by dissolving them into dichloromethane and evaporating the solvent. Fig. 2 shows the photo images of the mixtures after the evaporation. Most of samples were collected as white powder, but M124(40)/M12(60), M124(50)/M13(50) and M124(40)/M13(60) kept liquid form. These liquid samples turned into white solid powder within 2 weeks at room temperature; therefore, it is likely that the liquid form appeared by supercooling. The crystallization of the compound was probably inhibited by mixing two different compounds, or the bulky aromatic structure inhibited the conformational relaxation. This may be an instructive phenomenon considering the design of processable monomers although the life of supercooling with the current sample is too short to apply this property to processable cyanate monomers.
The deformation temperatures of thus obtained powder mixtures were evaluated by TMA. No matter whether the sample shows supercooling property, the mixed samples show similar deformation temperatures at around 103 and 108˚C for the M124/M12 and M124/M13 mixtures, respectively. This tendency is probably because the deformation temperature of the mixed sample reflected the melting point of a eutectic mixture. It is concluded that mixing two compounds would contribute to lower deformation temperature and this information would be useful to design a CE monomer with a relatively low processing temperature. The CE monomers were mixed by dissolving them into dichloromethane and evaporating the solvent. None of the tested samples showed supercooling property in contrast to the model compounds. The deformation temperatures of thus obtained powder mixtures were evaluated by TMA. Fig 4 shows the deformation temperatures of the mixed monomers and pure monomers. The deformation temperature of pure CE124, CE12 and CE13 are 179, 120 and 145˚C, respectively. The mixed samples show lower deformation temperatures. They show similar deformation temperatures at around 102 and 136˚C for the M124/M12 and M124/M13 mixtures, respectively. This tendency is probably because the deformation temperature of the mixed sample reflected the melting point of a eutectic mixture. It should be noted that the deformation temperature of the CE124/CE12 mixutures is considerably lower than those of pure monomers. The deformation and curing behavior of the mixed CE monomers was characterized by DSC and POM. Fig. 5 shows the DSC curves of the CE124/CE12 mixtures. In most samples, relatively sharp endothermic peaks appear at the temperatures which correspond to the deformation temperatures by TMA. Broad exothermic peaks due to the curing reaction appear at around 170-280˚C with the samples except for pure CE124.
In the tested samples, the CE124(50)/CE12(50), CE124(40)/CE12(60) and CE124(20)/CE12(80) mixtures are the most promising considering the gap between the deformation and curing temperatures. Fig. 6 shows the POM images of the CE124(40)/CE12(60) mixture. The sample kept solid state at 120˚C, and partially melted at 148˚C. The sample seems to be a mixture of eutectic melt and unmelted crystals. The optical texture disappeared at 170˚C, suggesting all of sample had melted.
The CE monomer mixtures were cured by the following manner. A sample was placed on an aluminum pan and heated up to 200˚C under evacuation. And then N 2 gas was introduced and the temperature was kept at 280˚C for 4 h. Fig. 7 shows the FT-IR spectra of the CE124(40)/CE12(60) mixture before and after the curing procedure. The peaks at around 2240 cm -1 due to O-C≡N groups significantly decreased and new peaks due to triazine rings appeared at 1373 and 1559 cm -1 after the curing. Table 1 Thermal stability characterized by TGA The thermal stability of the cured resins was characterized by TGA. Table 1 summarizes the weight loss at 350˚C and the temperatures at which 5% weight loss was recorded (T 5d ). In all tested samples, the weight loss at 350˚C is below 2 wt% and T 5d is at around 400˚C. It could be concluded that the CE resins studied in this work have quite promising thermal stability considering the application for the molding materials.
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Conclusion
We have designed and synthesized novel arylene CE monomers and clarified the effect of mixing two different CE monomers. The deformation temperature was successfully lowered by mixing two monomers. The most promising combination in the current samples is the CE124/CE12 mixture, which shows the deformation temperature at 102C and the curing temperature at around 170-280˚C. All tested samples in this study show promising thermal stability. Further study will be done to achieve even lower deformation temperature by optimizing the structure and composition of the CE monomers. 
